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Extreme weather events, destructive floods in 2011 and severe drought in 2012, have reinforced the 
relevance and great need for continuing this USDA research, extension, and education project on 
adaptation and mitigation strategies that can be employed within corn-based cropping systems in 
response to changing climate conditions. Primary efforts of the project are to heighten system 
capacity to: (1) retain carbon (2) reduce off-field nitrogen losses that contribute to GHG emissions 
and hypoxic conditions, (3) better withstand drought pressures, (4) reduce soil and nutrient losses 
under saturated soils and flood conditions, and (5) ensure productivity under different climate 
scenarios. Analysis and recommendations will equip farmers and policy makers in addition to 
simultaneously training the next generation of scientists and citizens. The Year 3 (Y3) plan of work 
builds on the accomplishments of Y1 & 2. Data from the field research network (n=35 sites) will 
continue using standardized protocols, submitted to the central database, compared to baseline site 
data, readied for integration into climate and other publicly available secondary datasets, and 
preliminary analyses and modeling continued. The Y2 random sample survey of Midwest farmers 
was cleaned and preliminary analyses begun; in Y3, these data will be used to test social and 
economic theories of farmer perceptions and adaptation. The 20 Extension educators will continue 
to build their climate and cropping systems science knowledge, interact with team scientists, 
increase farmer collaborations, and gather social and economic data on the farmer fields. Training 
of 36 CSCAP graduate students will continue along with conducting climate camps and/or intensive 
courses for high school, undergraduate or graduate students, and science teachers; teachers will also 
be trained in use of climate and agriculture discovery modules. To-date, CSCAP has leveraged 
more than $1.3 million through institutional support, partnerships, and other organizations. 
 
USDA-NIFA Award No. 2011-38002-30190     
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Field 8. Project Narrative 
 
Field 8. A-1. Team POW for next year of funding (Y3)  
 
The climate and corn-based cropping systems coordinated agricultural project (CSCAP) is a 
transdisciplinary team creating new science and educational opportunities. In summation, the 
overarching goal and driving motivation behind this project is to identify cropping systems and 
practices that have a lighter environmental footprint yet remain highly productive under a 
changing climate. Analysis and recommendations will equip farmers and policy makers in 
addition to simultaneously training the next generation of scientists and citizens. In the third year 
of this project we will strengthen team capacity to undertake transdisciplinary science while 
concurrently making progress on the project objectives and milestones. Specific Y3 activities 
planned, expected outputs, outcomes and impacts are detailed below. 
 
Strengthening Transdisciplinary Science 
The project has both overall and objective specific Y3 planned activities, expected outputs, 
outcomes and impacts. The overall goal of the project in Y3 is to strengthen the transdisciplinary 
science approach of the team by more deeply integrating across the six objectives. To do this, we 
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will (1) continue to learn the language and develop basic understandings of each other’s science, 
(2) develop more comprehensive research questions that reflect the complexity of corn-based 
cropping systems under changing climate conditions while also integrating the team’s multiple 
disciplinary knowledge to address C, N, water, GHG, pest pressures, farmer perceptions and 
capacities to adapt and mitigate to changing climate conditions, and (3) create clusters of 
individuals across the objectives willing to tackle one or more of these difficult, complex 
questions.  
 
To accomplish transdisciplinary outcomes, the whole team has a number of planned activities 
including (1) increased and more effective communication within and across objectives, (2) 
enhanced internal website features and further development of the central database, (3) a more 
dynamic external website with substantive information that can be applied/utilized by farmers 
and educators on the intersection of agriculture, climate change, and environmental impacts, and 
(4) a 2013 annual team meeting and planning for a 2014 national conference. 
 
1. Increased and more effective communication within and across objectives. Year 2 
evaluation revealed strong and sufficient communication between project operations and 
team members. Year 3 will continue the activities team members identified as very 
helpful: monthly meetings, scheduled email correspondence from project operations, 
internal monthly newsletter, and one-on-one responsiveness via phone, email, and in 
person to specific questions. To increase the effectiveness of team meetings, the monthly 
calls will switch to a web-based platform, Adobe Connect, for increased collaborative 
opportunities including face-to-face meetings and sharing of documents. Additionally, 
communications within and across Objectives will occur more frequently due to changes 
made by the Leadership Team to the meeting schedule which will allow for greater 
synergy and progress.   
2. The internal website used by the team has been very effective with use becoming more 
frequent. During the period of Oct 2011 to Sept 2012, there have been 4,360 visits and 
21,000 pages viewed. This site will continue to be used as a shared platform for the 
central database interface and location for all primary field data entry and secondary data 
including climate information. Further, this site serves as source documentation and 
methodologies for research in the biophysical and social-economic sciences as well as 
extension processes and programming underway and education curricula development 
and evaluation. It is a communication mechanism that encourages within and across 
Objective activities, outputs, working area for analyses underway, publication matrix of 
articles and papers completed and in process, milestones and yet to be completed 
activities, as well as operational updates. Operation updates include the archival 
summaries of team meetings, past and future annual meetings, reports, templates, 
resources for team use, and media. 
3. The external website (www.sustainablecorn.org) will undergo another revision in Y3, to 
more aptly engage and inform growers, crop consultants, state and county extension 
agents and other educators, and media with an interest in corn-based cropping systems. 
Dynamic content will be added to the revised site, including brief videos of project 
participants discussing project issues, science and research. In addition, the site will be 
publicized via Facebook and Twitter pages and redesigned and optimized for better 
recognition by search engines and mobile technologies.  
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In Y3, social media will be utilized with the operations and extension teams working 
together to create and maintain a presence on Twitter and Facebook. The target audiences 
with whom we wish to engage are reporters from the 9-state project region, Midwestern 
farmers and farm groups known to utilize social media, and communication professionals 
employed by businesses that communicate regularly with farmers. Both Facebook and 
Twitter messages will focus on raising awareness about our project, its issues, and 
driving users to our website to learn more. Strategies, goals and objectives for providing a 
science blog in Y4, utilizing graduate students in the project, will be explored. 
4. 2013 annual team meeting and planning for a 2014 national conference. Face-to-face 
team meetings are critical to creating new and reaffirming current relationships among 
team members, building trust, creating new information exchange pathways, providing 
platforms for creative problem solving associated with the project structure and to 
address the complexity of Objective-specific and overall project goals. The 2013 team 
meeting will be held July 30-August 1, 2013 at Purdue University, West Lafayette, 
Indiana. An activity at the Y2 meeting, held at The Ohio State University campus, in 
Wooster, Ohio, encouraged team members to interact with others across the disciplines to 
develop a Science Wall.1 This Science Wall will provide the themes for the Y3 meeting 
as we strengthen our transdisciplinary approach: a) integrating experimental treatments 
(e.g. cover crops x water balance x GHG x pest pressure x soil carbon) via syntheses and 
modeling to evaluate the net environmental and agronomic effects of the treatments under 
changing climate conditions and progress toward a suite of corn-based cropping systems 
with light environmental footprints; b) incorporating farmer skill sets and attitudes that 
predict success in adopting more biologically complex systems that balance short term 
productivity while addressing longer term environmental concerns into extension and 
outreach programming; c) identifying research findings and key messages of interest to 
agribusiness, local and national policymakers. In Y3, the team will begin planning for the 
2014 national conference. In Fall 2012, a committee composed primarily of advisory 
board members will convene, identify and explore options for co-sponsorship, targeted 
audiences, and themes; reporting back to the advisory board and leadership team with 
their findings and recommendations for a national conference. Action items will be 
developed based on conversations held at the 2013 semi-annual advisory board meeting.  
 
 
Field 8. A-2. Team POW for next year of funding (Y3) – OBJECTIVES 1 & 2 SPECIFIC  
 
The Y3 plan of work for Objectives 1&2 includes increased communication and collaborative 
work among subgroups, ongoing collection and analysis of field research data across the CSCAP 
research network sites, transmittal of data into the central database, and integrating further with 
Objectives 3-6. This POW will be accomplished specifically by:  
 
1. Meeting bi-monthly among Obj. 1&2 members to discuss and conduct data synthesis 
across research sites and integration of diverse datasets. Subgroups will include the 
following foci: cover crops, drainage water management, extended crop rotations, 
                                                          
1 The Science Wall is the result of two rounds of small group brainstorming sessions at the Y2 team meeting which 
began the process of identifying the layers and connections among the multiple disciplinary expertises’ existing 
across team members with a first structured attempt to develop transdisciplinary questions. 
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organic cropping systems, greenhouse gas, integrated pest management, nitrogen sensing, 
and landscape position effects.  
2. Continuing to gather and conduct field measurements, laboratory analysis, and quality 
control of data for entry into the central database.  
3. Examining Y1&2 data across sites to begin identifying management practices, weather 
conditions, and soil properties that are especially influential on greenhouse gas emissions, 
agronomic productivity, soil quality and health, pest pressures, and overall carbon, 
nitrogen, and water footprints of these cropping systems.  
4. Begin to determine the ecosystem service incremental gains or losses in soil quality and 
nutrient use efficiency. 
5. Extending findings and knowledge outward from the field and laboratory to farmers 
associated with the project in an interactive fashion. 
6. Writing a proposal to continue funding from the United Soybean Board, which funds 
additional integrated pest management research in Y3 (Sept 2013-Sept 2014).  
7. Evaluate impacts of land management on soil moisture including specifically the impacts 
of a drought year.  
8. Write publications on initial results from the first two years of field measurements and 
present results at field days. 
 
 
Field 8. A-3. Team POW for next year of funding (Y3) – OBJECTIVE 3 SPECIFIC  
 
The Y3 plan of work for Objective 3 includes increased communication and collaborative work 
among subgroups, improvement of the central database, development of life cycle analysis, and 
integrating economic and climate data into the cropping systems dataset for modeling and 
analysis. This POW will be accomplished specifically by:  
 
1. Meeting monthly among Obj. 3 members to discuss and collaborate on modeling and 
synthesis across set of models utilized among PIs. Objective 3 subgroups are organized 
around model domains and scales, such as: life cycle analysis, field-scale modeling of 
agronomic and soil variables, and economic and environmental analysis at the watershed 
and regional scale. 
2. Improving the functioning of the team central database to ensure user needs across all 
Objectives are met.  
3. Completing the field mapping for each site within the CSCAP research network.  
4. Continuing to parameterize models and build off of Y2 calibrations and assessments.  
5. Tying models together to build bridges across the disciplines using the central database 
and address complex questions concerning carbon, nitrogen, and water. Incorporating Y2 
detailed soil data for each site; and performing detailed site hydrologic modeling and the 
SALUS model to accurately predict grain yield under future climate for each treatment.  
6. Utilizing the cover crop meta-analysis to provide an understanding of the interactions 
among the C, N and water cycles and the trade-offs associated with use of a cover crop in 
different locations. 
7. Developing life cycle assessment (LCA) models across the different management 
practices will identify the trade-offs among the management practices across the range of 
life cycle impact categories. Developing LCA models that include industrial uses of corn 
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will allow examination of the importance of production practices for corn-based products 
like ethanol. 
8. Economic modeling to examine cost implications, economic incentives across the upper 
Mississippi with a focus on N, sediment (C loss) and water quality. 
9. Integrating climate model projections into the team’s modeling will enable the evaluation 
of management practices in future climate projections, such as that expected by mid-
century (2050). Since climate models differ in their projections for the U.S. Corn Belt, 
most notably for precipitation changes, projections from several representative state of 
the art climate models will be used to sample the range of variability amongst the climate 
models. 
 
 
Field 8. A-4. Team POW for next year of funding (Y3) – OBJECTIVE 4 SPECIFIC  
 
The Y3 plan of work for Objective 4 includes data collection and analysis focused on 
development of a comprehensive understanding of farmer perspectives on climate change and 
adaptive and mitigative action; dissemination of that information to inform the work of scientists, 
natural resource and agricultural professionals, and policy makers; strengthening the 
transdisciplinary linkages with other project objectives; and initiation of learning partnerships 
with extension educators and farmers in nine Corn Belt states. This POW will be accomplished 
specifically by: 
 
1. Implementation and analysis of in-depth interviews with up to 200 farmers. 
2. Creation of survey and in-depth interview databases. 
3. Analysis of data from the Y2 survey of 4,778 Corn Belt farmers. 
4. Sharing and joint analysis and reporting of Objective 4 data and information with other 
project objectives. 
5. Development of innovative outreach strategies and materials through partnerships with 
extension educators and farmers. 
6. Distribution of research-based information to farmers, the general public, agency staff, 
and policy makers through publications, extension materials, presentations, and web 
pages.  
 
 
Field 8. A-5. Team POW for next year of funding (Y3) – OBJECTIVE 5 SPECIFIC  
 
The Y3 plan of work for Objective 5 includes further development of farmer groups to gather 
research data for Objective 4, one-on-one analysis of farmers’ production systems to assist in 
establishing practices that will adapt to and mitigate climate change, and facilitated discussions 
on weather variability and agriculture,   This POW will be accomplished specifically by:  
 
1. 200 farmers to build knowledge and consider implementation of practices or establish on-
farm trials that mimic project experiments from interactions with CSCAP extension 
educators. 
2. Farmer groups use performance-based environmental management and risk assessment 
tools to collect data from individual fields that can be compared to Objective 2 research. 
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The tools will give farmers a means to measure their current cropping system impacts on 
carbon, nitrogen, and soil to make informed decisions on adapting to changing weather 
patterns. 
3. 20 extension educators will increase climate knowledge through monthly webinars and 
participation in the annual conference and discuss climate and agriculture with farmers 
individually and in groups through project activities and through state extension program 
events. 
4. Partnering with the Plant Management Network2 to host publications, video, and pieces 
specifically targeting the agribusiness community and industry. 
5. Integrate research and outputs from Objectives 1-4 by creating extension fact sheets and 
publications for farmers and the general public to communicate research results and 
recommendations as a result of Objective 1-4 research. 
6. Hold cover crop field days in Iowa and Indiana for extension educators and farmers in 
spring 2013 that will emphasize cover crop establishment, emerging species, cover crop 
selection, and spring cover crop management. 
7. Deliverables for year 3 include statewide and within state climate extension publications, 
a climate and agriculture PowerPoint for extension educators to present during winter 
meetings, three webinars will feature cover crops, challenges following extreme drought, 
and greenhouse gas emissions from agriculture. 
8. Integration across research, extension, and education efforts through objective leadership 
meetings and communication among research objective leaders. Research results and 
recommendations are discussed and proper means of communication are decided upon 
between the research and extension objective team members. Transdisciplinary 
discussions at the Year 2 annual meeting focused on integrating research, extension, and 
education and many ideas were generated for communicating research topics to students, 
farmers, and the public. 
 
 
Field 8. A-6. Team POW for next year of funding (Y3) – OBJECTIVE 6 SPECIFIC  
 
The Y3 plan of work for Objective 6 includes increased communication and collaborative work 
between Objective 6 members as well as integrating with other Objective members, graduate 
students, the NSF GK-12 project at Ohio State University, and teachers in the north central 
region. This POW will be accomplished specifically by:  
 
1. Regular monthly meetings among Objective 6 members.   
2. Interaction between the teachers of the summer camps and short courses along with 
cross-observation. 
                                                          
2 The Objective will utilize Plant Management Network (PMN) (www.plantmanagementnetwork.com) for 
specifically reaching the agribusiness community. The PMN is an electronic-only resource that provides credible, 
hands-on information to agricultural practitioners, researchers, educators. In essence, PMN has become a 
"community of practice" for field crops and is quickly becoming an online resource for farmers, agronomists and 
academia. Land-grant universities in all twelve states in the North Central region and several agribusinesses have 
entered a partnership with PMN, giving their employees free access to all material on the PMN website. People in 
the private-sector can subscribe to PMN for a one-time fee of $45. Subscribers can then access the information 
related to CSCAP as well as all other PMN material such as webinars, journals, images, and fungicide and 
insecticide reports. 
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3. Working with the graduate students and their representative to augment their new 
“roadmap” and create a seminar with their input. 
4. Continuing to construct climate and agricultural teaching modules aimed at high school 
students. 
5. Outreach by mail, website, workshops, and visitation to annual state, regional, and/or 
national meetings of high school science and agricultural education teachers. 
6. Posting of modules and other educational outputs to the team CSCAP website. 
 
 
Field 8. A-7. Team POW for next year of funding (Y3) – ACROSS ALL OBJECTIVES 
 
The overarching intent of Y3 activities and outcomes is to build on the continuing 
accomplishments of each objective towards our “strengthening transdisciplinary science” theme. 
Purposeful, explicit plans for cross cutting activities and outputs among objectives in Y3 are: 
 
1. The Objective 2 field research team will begin to integrate experimental treatments via 
syntheses to begin assessing their impact on the complex carbon, nitrogen, and water 
footprints. Evaluation of the treatment net effects under changing climatic conditions will 
occur so that progress can be made on evaluating whether the suite of management 
practices and data collected are resulting in the identification of mitigative and adaptive 
practices. Work will begin with the Objective 3 team to cross-evaluate management 
impacts with both modeling and experimental approaches. 
2. The data syntheses and modeling team (Objective 3) will ensure that the central database 
is structured to facilitate interaction between modelers and those engaged in field 
measurements or analysis. A specific example of such interaction planned for Y3 is to 
use measured GHG and water quality data to calibrate soil carbon models for each 
treatment. The soil carbon model will be used to make a preliminary estimation of the 
GHG emissions for each treatment under the future climate.  
 
3. The social-economic research of Objective 4 has established cross-objective analysis and 
writing partnerships that will develop academic and lay publications linking the farmer 
survey data to biophysical team scientists’ data and expertise in several areas: pest 
management (Obj. 2 IPM scientists), variations in precipitation (climate scientists), and 
conservation practices (Obj. 2 scientists). Analysis and writing partnerships also extend 
to the USDA U2U farmer decision support tools project which co-developed and co-
funded the 2012 farmer survey. A second cross cutting effort of Objective 4 is the 
application of the survey and interview findings to extension educators’ work with 
farmers individually and at winter meetings and field days via presentations, webinars, 
print and electronic media. The extension team, Objective 5, will utilize the climate 
science bulletins developed for each state and climate regions in winter programming and 
field days, such as for state crop advisor and summer field demonstrations. They will also 
incorporate the speed science print and video clips of the team research developed for the 
Y2 annual meeting.  The team will also begin to develop crop production and climate 
resources to address specific agronomic challenges that result from changing weather 
conditions. 
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4. The education team, Objective 6, will revise the speed science print and video clips 
developed for the Y2 annual meeting to be high school science teacher and student 
appropriate for use in 2013 summer camps, climate modules, and workshops. 
 
 
Field 8. B-1. Team Outcomes/Impacts for Y1 & Y2  
 
Overview of Progress To-Date 
Overall, during Years 1 & 2, the team focused on starting up the project and initiating activities 
and outputs to accomplish the work of each objective with good progress made toward all 
milestones, which are purposeful in their construction so to keep members on track to reaching 
and accomplishing the overall project goals. 
 
The CSCAP team has increased capacity to connect multi-disciplinary knowledge and to begin 
understanding the value and explore applications of linking multi-disciplinary science to the 
practice of science in order to become a transdisciplinary team. This outcome was the result of 
a deliberate commitment and the construction of a comprehensive virtual and real-time 
communication and organizational framework that enabled the team to accomplish team-wide 
and objective-specific goals, milestones and timelines. The collective development of 
guidelines (see Appendix D) for how research data and findings are published and shared 
provided an important platform for building team trust and confidence in depositing PI site 
specific data into the central database for all to access. Feedback from an online survey of the 
team by the CSCAP evaluator provided baseline knowledge to team leadership, project 
director, and project manager for use in guiding the team towards their transdisciplinary goals. 
Reconstruction of the project’s milestones (see Appendix A) added structure, detail and clearly 
defined benchmarks and provided a project roadmap and mechanism for all team members to 
better evaluate individual objectives and whole team progress toward these goals. Lastly, the 
comprehensive research directive, including research questions and hypotheses, begun by the 
team in Year 2 provided foundational disciplinary and multidisciplinary research questions and 
hypotheses upon which the team is developing additional transdisciplinary questions and 
hypotheses for Y3.   
 
 
Field 8. B-2. Team Outcomes/Impacts – OBJECTIVE 1 & 2 SPECIFIC  
 
In developing the standardized protocols, PIs worked collectively to communicate and evaluate 
different potential methodologies, debate each methodology’s advantages and disadvantages, 
make adaptations, and reach a consensus. Following the growing season, these protocols were re-
evaluated and codified as a team to assure consistent, uniform data were being collected.  
 
Greenhouse gas emissions have traditionally been measured utilizing gas chromatograph (GC) 
technology which required field sampling and laboratory analysis. This method of collection 
requires substantial logistical and technical resources that can limit its use across a project of this 
scope. This technology enables researchers without chromatography expertise to collect GHG 
data quickly and easily while in the field but necessitated training of graduate students, staff, and 
faculty for proper use.   
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Researchers are now more aware of the data needs of the modeling community, and are better 
prepared and enabled to make measurements they would not typically collect in their studies to 
improve overall utility of data to this project and to future work. 
 
A shift in focus for some of the PIs, to apply their skills to climate adaptation and mitigation, has 
opened new questions, new potential partners, and also provides a way to attract young people 
into agricultural sciences. 
 
 
Field 8. B-3. Team Outcomes/Impacts – OBJECTIVE 3 SPECIFIC  
 
Creating a transdisciplinary team begins within and among similar disciplines and then extends 
outward. The Objective 3 team began this process by first determining the goals of individual 
research units and the strengths of their respective models in addressing the impacts of corn 
production in multiple dimensions, but with particular emphasis on economics and the C, N 
and water footprints. Then using iterative cross-training the Objective 3 team built a set of 
shared goals and collaborative approaches to the research questions. The process of shared 
inquiry and education has resulted in a new research and education network populated by 
researchers and students with broad interdisciplinary understanding of the interactions of 
natural systems, management and climate in corn production. This project has fundamentally 
altered both the knowledge and practice of these researchers and scholars. 
 
The research network developed in this project also includes a wide range of members who are 
not directly funded, but who have nonetheless been impacted by this effort. The Objective 3 
team includes unfunded collaborators, such as a parameter estimation expert from the USGS 
(Dr. Michael Fienen), a nitrous oxide expert from the ARS (Dr. Tim Parkin), and members of 
the soil carbon modeling community (Dr. Keith Paustian), whose knowledge and practice have 
been impacted through their collaboration with the Objective 3 team. Objective 3 members are 
collaborating with and developing publications with these members of our extended research 
network (see Appendix C for publications and external working groups). 
 
In a similar manner, the Objective 3 efforts have had impacts on members of industry and 
nongovernmental organizations who have participated in the project as unfunded collaborators 
by participating on the advisory board or by seeking out the growing knowledge base of the 
team. For example, the Objective 3 team has had a series of in-depth discussions and 
exchanges of knowledge with Mr. John Kadyszewski, Director of the American Carbon 
Registry (ACR). The ACR has particular need to understand the uncertainty associated with 
estimates of the GHG emissions of corn production. The project has also provided data and 
interpretation to industrial analysts who are seeking to better understand the life cycle impacts 
of corn production in the U.S. For example, Susan Sanchez of Solazyme, Inc. was recently 
provided with data and an overview of the impacts of different corn management strategies on 
the environmental impacts resulting from nitrogen use that her firm will use internally to map 
out their future feedstock procurement strategy. 
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Field 8. B-4. Team Outcomes/Impacts – OBJECTIVE 4 SPECIFIC  
 
Outcomes have included (1) the establishment of strong survey research partnerships with the 
USDA Purdue University-led grant, “Useful to Usable” (U2U) and the National Agricultural 
Statistics Service (NASS), (2) leveraging of project funds through buy-in from key agricultural 
stakeholders, (3) development of transdisciplinary research and extension partnerships across the 
CSCAP objectives, (4) improved extension educator capacity to engage farmers about adaptive 
and mitigative management options through training on how to conduct in-depth interviews, (5) 
analysis of preliminary data leading to improved knowledge of farmer beliefs and concerns about 
climate change, and (6) initiation of a relationship with the USDA “Regional Approaches to 
Climate Change in Pacific Northwest Agriculture” CAP project.  
 
 
Field 8. B-5. Team Outcomes/Impacts – OBJECTIVE 5 SPECIFIC  
 
As result of a new partnership, Jamie Benning, the CSCAP Objective 5 extension leader, serves 
as an advisory board member to the U2U project. This provides a direct link between the U2U-
developed farmer decision tools with opportunities for CSCAP extension educators and farmers 
to pilot test these tools and strengthen the regional Extension system plans of work associated 
with row crops and climate science. Garnering widespread support in the team’s efforts to 
programmatically strengthen the Land Grant University’s focus on climate education within 
agriculture represents a significant shift to increase attention on this issue relative to past efforts. 
This programming emphasis is expected to grow in the future with the CSCAP uniquely able to 
lead and serve as an example. As the extension team has worked to develop climate training 
materials and messages that appeal to farmer and stakeholder audiences, the impact of climate on 
the water cycle has resonated well with extension educators. They feel farmers can best 
incorporate climate science into their decision making process as it relates to increases and 
decreases in rainfall, soil moisture, relative humidity, etc.; all factors that influence cropping 
systems on a daily basis. The team focuses their messages on informing farmers of the potential 
risks associated with weather fluctuation and crop production risk management strategies rather 
than “big picture” climate issues. Identification of these topic-based approaches during the 
annual meeting and on monthly conference calls signals progress by communicating information 
outward in a way that can be positively received and implemented. The educators also requested 
a climate and agriculture power point presentation that they could modify and present during 
state specific crop production events during the winter of 2012-2013 indicating they are 
becoming more comfortable with presenting climate information as a result of their training 
during webinars and the annual meeting, and interactions with each other as a climate extension 
team. 
 
 
Field 8. B-6. Team Outcomes/Impacts – OBJECTIVE 6 SPECIFIC  
 
Graduate student involvement relative to the research, extension and education efforts of the 
team are critical in raising up the next generation of climate and agricultural scientists. Thirty-six 
graduate students (see Appendix C) have been recruited by individual PIs and hired across the 
participating institutions for inclusion in all project efforts. These students were significantly 
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involved in the team’s annual meetings. Prior to these meetings, many students did not grasp the 
size and complexity of the CSCAP team. Over the course of the Y1 and Y2 annual meetings, a 
change in connectivity and team unity occurred, especially among the graduate student 
subcomponent. Nearly every graduate student presented a poster describing his or her research 
methodologies in a 2-hour poster session that allowed other project and advisory board members 
to discuss and ask questions. Beyond the CSCAP annual meeting, some students also attended 
professional society meetings or institutionally-based meetings to learn and/or present initial 
findings from their CSCAP research project (see Presentations in Appendix B). 
 
The web-based seminar titled “The Science of Climate Change” included 21 CSCAP graduate 
students who enrolled for the half-semester online course in 2011 led from Iowa State University 
and streamed out to other participating institutions through Blackboard or corresponding 
technology. The appointment of a graduate student to the Leadership Team provided two-way 
communication between the graduate students and the leadership team to ensure an environment 
conducive to growth. 
 
This student leader created a "roadmap" to provide a framework of experiences that would 
increase graduate student capacity for transdisciplinary work.  Activities in the roadmap begin 
with student’s assessment of individual skillsets and disciplines; it then progresses to integrated 
work such as participation in graduate student seminars and collaboration in field days and 
extension/education experiences. The roadmap will continually be updated based on current 
graduate student feedback and shared with new students as they begin in the project. 
 
 
Field 8. C-1. Team Outputs for Y1 & Y2  
  
Three in-person CSCAP meetings have occurred to-date with two in Y1 and one in Y2. In 
early spring 2011, nearly all PIs attended the first meeting to begin the work of the project. As 
a result of this meeting standardized protocols for gathering field data were formulated, the 
groundwork for developing the farmer survey instrument for the social and economic research 
was begun, and efforts to obtain support from Extension Directors in participating states to 
build the network of extension educators was undertaken. The first, full-team meeting occurred 
in November 2011 in which 10 CSCAP advisory board members and eight invited guests 
increased their knowledge of the project, team members evaluated progress toward Y1 
milestones, adjustments and progress made for Y2, and relationships were strengthened among 
the project team. The second, full-team meeting occurred in August 2012, with highlights 
including a speed science session of each overarching theme and discipline, field 
demonstrations showcasing protocol based measurements, farmer panel to discuss real-life 
implications of extreme weather, and breakout group discussions to develop the Science Wall 
and discuss transdisciplinary work.  
 
The signature look and identity of the project along with the team website, 
www.sustainablecorn.org, promotional and resource materials developed for field days, farmer 
meetings, and teacher education has resulted in increased awareness and use of information by 
partner institutions, organizations, and stakeholders; see Appendix B for information on 
activities such as extension presentations and presentations. The external website offers team 
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personnel a way to recruit new students and staff while also serving as a way for clientele to 
have access to project descriptions, goals and progress, videos, and initial research findings as 
presented at the team annual meetings. Site usage statistics from Oct. 2011 to Sept. 2012 show 
2,000 unique visitors viewing 13,000 pages over 4,520 visits to the external Web site. 
 
 
Field 8. C-2. Team Outputs - OBJECTIVE 1 & 2 SPECIFIC 
 
The creation of standardized protocols for measuring C, N, water and other variables established 
sound, reputable scientific methods and generated a highly functional and usable data set. 
Standardized protocols carried out among CSCAP research sites allows for near seamless data 
entry into the CSCAP central database and provides a consistent set of data for systems analysis 
and predictive modeling. Data collection, entry, analysis and modeling are time-intensive 
activities necessitating the methods used to collect the data are uniform across field and lab 
personnel. In analysis and modeling, a certain number of assumptions need to be made 
concerning agricultural cropping systems due to the massive number of variables possible. A set 
of standard protocols allows for real-time, tested data to drive the models with fewer necessary 
assumptions.  
 
CSCAP researchers established and implemented standardized methodologies for measuring soil 
organic carbon (SOC), total nitrogen, soil physical properties, water quality and volume, 
greenhouse gas (nitrous oxide [N2O], carbon dioxide [CO2], and methane [CH4]), crop biomass, 
C and N in biomass and grain, insect and disease pressure, and grain yield. These protocols 
provide the structure in collecting baseline site data and seasonal measurements for every 
research site over the next five years.  
 
Existing and new sites were established to provide a comprehensive set of treatments and data. 
This combination of previously established and newly developed research sites is configured 
with unified equipment and methodologies and in some cases allows data prior to 2011 to be 
incorporated into the project. An expansive field research network was established in all project 
states, except South Dakota. Nearly all research sites were established in Y1, although additional 
plots were added and equipment added in Y2 at MN and OH; a total of 35 research sites now 
comprise the CSCAP research network. Specific sites vary on exact treatments employed due to 
varying site capacities. Every site includes a corn-soybean rotation or continuous corn plot acting 
as a comparative baseline. Treatments employed across the research network include extended 
crop rotations, cover crops integrated into corn-soybean systems, tillage management, drainage 
water management, nitrogen management, and landscape position. Within the network, a 
minimum of two research sites exist with the same treatment combinations. Following data 
collection of all outlined variables needed per site, scientists organize their data into a consistent 
structure and submit to the team’s central database.  
 
To aid the assessment of C and N footprints associated with corn-based cropping systems, 
researchers are measuring greenhouse gas (GHG) emissions in 18 of 35 research sites. 
Measuring GHG emissions in agricultural systems can be complex due to a range of variables, 
including cropping systems, soil variables (type and drainage), landscape characteristics and 
local climate. Equipment necessary for collecting the required data was purchased, installed and 
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used including photoacoustic spectrometers (PAS), soil moisture meters, weather stations and 
various tools. Formal equipment training has occurred through project-wide events held in-
person at the November annual meeting and through live, Web-based video. Discussions via 
phone and e-mail between colleagues have also addressed questions on protocol methodologies 
and procedures. Graduate students at each institution received individual training by PIs or 
research specialists from their institution.  
 
Working with researchers from the USDA GraceNet greenhouse gas monitoring network, 
CSCAP researchers tested the suitability of PAS for measurement of N2O and CO2 fluxes from 
the soil surface by comparing measurements of N2O and CO2 flux and concentration between 
GC and PAS. The paper is now published in Global Change Biology; ranked third for most-cited 
journals in climate change research and behind only Nature and Science (see Appendix B for 
reference under lab group “Castellano”).  
 
To supplement the team’s pest management effort, a proposal for $263,000 was submitted to 
and awarded by the United Soybean Board. This award allowed the addition of 13 principal 
investigators, three graduate students and one research staff to the team. This funding widens 
the scope of CSCAP’s original proposal and offers more data for project analyses. Scientists 
included have expertise in plant pathology, entomology, and weed science and represent eight 
of the ten CSCAP Land Grant Universities. 
 
To ensure the continuance of plots located at the previous USDA-ARS facility in Coshocton, 
OH, a partnership was developed between PIs in OH and MN that added a set of well-
established organic experimental plots in MN to the CSCAP network and would replicate 
many of the same treatments already occurring in OH. These plots utilized organic cropping 
practices and with the addition of some equipment, research data can now be collected, 
analyzed, and combined to produce unique results not published before. A proposal and 
promotional pieces were developed highlighting this partnership and the opportunity for the 
organic industry to support research efforts. Financial support has been received with more 
sought after.  
 
 
Field 8. C-3. Team Outputs - OBJECTIVE 3 SPECIFIC  
 
Objective 3 PIs are charged with the task of combining data gathered from the CSCAP field 
research network with public climate data and applying physical, climate, social and economic 
models to evaluate the impacts of corn production under current and predicted changes in 
climate. Objective 3 involves the development of an analysis infrastructure and the use of that 
infrastructure to provide insight into and evaluate the impacts and outcomes that will likely affect 
the sustainability and economic vitality of corn-based cropping systems. The analysis 
infrastructure includes a database system to manage experimental data and a variety of physical 
and economic models capable of analyzing impacts at multiple scales. 
 
During Y1 and Y2, one of the primary efforts has been taking the central database from an initial 
design plan to actual construction, implementation, management, and continued developmental 
efforts.  A committee of CSCAP researchers across Objectives 1, 2 and 3 worked to develop a 
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framework, build a central database to store, manage, and provide data that already have an 
existing construct of metadata, climatic, carbon, nitrogen, water and other variables needed for 
model input. Three relational spreadsheets serve as the foundational framework for the central 
database design and development. The spreadsheets include site metadata, 55 treatments within 
five main categories, and 80 types of collected data within six main categories.  
 
Researchers began collecting, enhancing and combining process models, historical data and 
climate projections with data from field trials to calibrate biophysical models at ever-larger 
scales: field, farm, and landscape. For example, researchers have integrated a parameter 
estimation algorithm with the DAYCENT soil carbon model to allow for automated calibration 
of the DAYCENT model with historical climate and field data. DAYCENT and other process 
models will be used to perform “what if” experiments about observed climate variability and 
projected climate change. 
 
In addition to process models, a life cycle assessment (LCA) modeling framework is being 
developed. Researchers have collected and harmonized all published life cycle inventories of 
U.S. corn which provides a baseline for comparison and a basis for selecting data representing all 
of the “upstream” impacts associated with the manufacture of materials such as fuel, pesticides 
and fertilizers. The LCA model structure has been populated with preliminary field data 
representing tillage and cover crop treatments. Sensitivity studies have been performed using this 
model to identify the most influential independent variables which can now be used to index the 
abstraction of life cycle impacts to locations beyond the field sites. 
 
 
 
Field 8. C-4. Team Outputs - OBJECTIVE 4 SPECIFIC 
 
Activities and outputs included weekly conference calls and several in-person meetings of the 
10-investigator CSCAP-U2U survey team and extensive consultation with NASS that led to the 
development of an innovative survey research design, sampling approach, a questionnaire, and a 
database on 4,778 farmers. Support from key stakeholders was manifested through $51,400 in 
additional survey funding. Farmer interview-related outputs include 20 trained extension 
educators and materials that will facilitate interviews with farmers. A survey conducted jointly 
with CSCAP IPM researchers led to a technical report (see Arbuckle/Mueller in Appendix B). 
Analysis of preliminary survey data on farmers and agricultural educators resulted in one peer-
reviewed journal article, two reports, a major regional meeting presentation, a Web-based video, 
and substantial media coverage. 
 
 
Field 8. C-5. Team Outputs - OBJECTIVE 5 SPECIFIC 
 
In Y1, the CSCAP extension team worked closely with Extension Agriculture and Natural 
Resource (ANR) Directors across the 10 Land Grant University (LGU) institutions involved with 
this project to identify extension educators with an interest and ability to dedicate time to the 
CSCAP. Initially, the project budgeted approximately $22,000 per institution to hire and support 
extension educators committed to building strong connections among the work of the project and 
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their LGU institutions. The CSCAP goal is to build upon the current capacity of the upper 
Midwest Extension system to communicate and promote programming efforts in climate and 
agricultural science.  Currently, CSCAP has 20 extension educators who are actively working 
with farmer audiences in their state. 
 
In Y1, a project orientation and training session on agriculture and climate was held for newly 
recruited CSCAP extension educators, sponsored co-jointly with the USDA Heartland Regional 
Water Coordination Initiative “Water and Climate Conference.” In Y2, extension educators 
attended the CSCAP project-wide meeting in Wooster, Ohio and began to connect with project 
scientists and the research of the project; it was extremely beneficial to have them in attendance.   
 
Throughout Y1 & 2, there has been considerable extension educator skepticism of climate 
science and climate change’s effects to agriculture. The Objective 5 extension team has 
encouraged questions, seeking to convey that scientists and educators are learning together with 
a goal of encouraging open-minded dialogues regarding what is known, what is not known, 
certainty and uncertainty, and perceptions of risk. The team has built trust and support among 
extension educators by sharing project resources, concerns about and strategies for the transfer of 
climate science and agricultural practices to farmers. Extension educators have over 80 key 
farmer leaders and group members for their state-based farmer groups. The goal is 200 
participating farmers across the region. As farmers are enrolled to participate in the project, they 
take a baseline assessment survey of their attitudes, beliefs and practices related to climate and 
conservation practices. A second assessment will occur early in year five of the project and will 
be compared to this baseline to document change or lack of change in perceptions and behaviors. 
Each farmer will provide production and agronomic data for two fields within their operation 
that will be analyzed using a suite of risk assessment and decision support tools. Several of the 
extension educators have started to collect farmer data for this effort. CSCAP participating 
farmers, with support from their extension educator, will begin to discuss selection of their own 
field trial experiments based on Objective 1 protocols and the results of the risk assessment and 
decision support tool analyses. Field trials may include cover crops, tillage management, and 
nitrogen management demonstration plots for on-farm assessment of new technologies.  
 
The extension team meets via conference call and webinars monthly. These meetings are used to 
identify partners and resources for extension educators to create learning opportunities for their 
farmer groups. They are also used as professional development opportunities for the extension 
educators to learn more about climate and other sciences the project is engaged in. A series of 
statewide and within-state regional publications, 81 in total, featuring climate data are being 
developed for extension educators to use with farmers. These 81 draft publications of region-
specific climate information are also engaging State Climatologists with extension educators as 
they finalize these education tools for farmers within their states. These publications support the 
work of CSCAP and U2U and will interact with a NOAA multi-agency effort on the National 
Climate Assessment. These are currently online and available for extension educators to use. 
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Field 8. C-6. Team Outputs - OBJECTIVE 6 SPECIFIC 
 
The Objective has spent time in Y1 and 2 in preparatory work due to the overall team’s need to 
meet certain objective goals before being able to fully address others. Principal investigators 
recruited, hired and trained individuals for an educational specialist and graduate student 
openings in support of CSCAP educational activities.  
 
Graduate students participated in a student-centered learning session at the Y1 annual meetings 
and discussed convergence and transdisciplinary science. The students also had a separate dinner 
to meet others and build connections across institutions. The breakout session and separate 
dinner were continued at the Y2 annual meeting and allowed for discussion of the graduate 
roadmap, graduate seminar, and allowed for students to know one another better. The goal of this 
and other sessions is designed to increase the student’s sense of their individual science learning 
experiences and build a cohort community of scholars cross-trained in both climate and 
agriculture, to expand the student’s professional network, and to further strengthen interactions 
among project participants. 
 
The curriculum goals for the Y1-Y2 web-based graduate seminar “Science of Climate Change” 
were to develop an overall awareness of climate change, its possible causes and how people may 
develop strategies to cope with these changes. Students participated in weekly web-based 
discussions related to climate change and agriculture. The seminar was offered to CSCAP 
graduate students free of charge with a nominal book cost, with the option to take it with or 
without graduate credit (1 semester credit). 
 
Project personnel are working with three educators in Ohio to develop climate education 
modules which are currently being reviewed and evaluated. The first module includes a course 
outline for use in high school or entry level college classes on environment, biology, or 
agricultural education classes focusing on phenology; the second module focuses on food 
production, safety and economics. 
 
At Iowa State University, Science with Practice (SWP) is a College of Agriculture and Life 
Sciences experiential learning and internship program for undergraduate students in agriculture. 
Students work closely with faculty and staff mentors on specific projects. At The Ohio State 
University, 21 summer interns were hosted through the OARDC research internship program 
(ORIP). CSCAP personnel worked with the SWP and ORIP staff to identify students to work 
with CSCAP and non-CSCAP based scientists within their research programs (see Appendix C 
for undergraduate internships). The project topics related to CSCAP in terms of greenhouse 
gases, sustainable agriculture, and farmer surveys. The students worked with their mentors to 
conduct experiments as a part of their internship.   
 
OSU personnel also developed a class, “Climate, Agriculture, and Sustainability in the Corn 
Belt: Focus on the Lake Erie Watershed,” for undergraduate and graduate students and teachers. 
The class for teachers, undergraduate students, and graduate students, July 29-August 4, 2012, 
focused on corn production in Ohio and the effect on Lake Erie and other Ohio waters. 
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Field 8. D. Team Milestones and Deliverables  
 
The team milestones for Year 2 and Year 3 are attached in Appendix A and sorted by Objective. 
All Year 1 milestones were met during the team’s first year of funding and the team is well 
positioned to meet Year 2 and 3 milestones based on current progress. Slight modifications were 
made to the milestones from those included in the original proposal but this is primarily due to 
clarification of steps necessary to reach milestones, expansion of efforts, and refining of best 
approaches given discussions within and across Objectives. Year 1 milestones are not included 
here but can be found in the team’s annual report submitted to USDA-NIFA in February 2011.  
 
The team deliverables for Years 1 and 2 are attached in Appendix B and sorted by Objective.  
The team has been highly proficient with a total of 27 refereed journals, 129 conference 
presentations, 40 extension presentations, 21 press releases or news items, 23 white papers, 27 
videos, 6 extension publications, 17 educational camp presentations, 10 proposals, 1 survey, 2 
books or book chapter, 2 websites, 2 radio spots, 7 partnerships with external groups, and 9 
project promotional pieces. Team members have also identified planned publications and various 
types of deliverables in future years; these are not shown in the Appendix due to space.  
 
 
Field 8. E. Broad Impacts  
 
The team leveraged additional funding to address gaps or presented opportunities for expansion 
of work. To-date, a total $1,308,600 has been leveraged with nearly a million dollars of 
institutional support ($950,000), $263,600 by the United Soybean Board to help address 
integrated pest management needs, and $95,000 by the Biological Agricultural Partners to 
support organic-focused research at the University of Minnesota and USDA-ARS, Coshocton, 
Ohio.  
   
 
Field 8. F. Training  
 
The CSCAP team includes a diverse set of expertise and specialties across the faculty, 
postdoctoral researchers, topic-based specialists/technical staff, graduate students, and 
undergraduate students. Included in Appendix C is the team personnel listing with individuals 
sorted by their primary Objective and then by PI. A total of 29 undergraduate students, 36 
graduate students, 8 postdoctoral researchers, and 17 research staff are members of this team. 
Many of these individuals have produced various items listed within the Deliverables section as 
denoted by the author list.      
 
Andrea Basche, graduate student representative and member of the Leadership Team, recognized 
a need among the graduate students for greater understanding of expectations and opportunities 
to be active members of the team and contribute to their development of becoming 
transdisciplinary scientists. The graduate student roadmap, as discussed previously on page 17, 
identifies steps for each program year. Graduate students discussed this roadmap in detail at the 
2012 annual meeting with it soon to-be finalized. This document will serve as the platform for 
existing and current students within the CSCAP.  
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Field 8. F. Concluding Statement  
 
Drought. Flooding. Extreme spring precipitation and humidity. Prolonged high temperatures. 
Shifting frost dates. Increased disease and pest pressures. US agriculture is increasingly impacted 
by the effects of a changing climate. Recent and projected changes in the volatility and timing of 
weather events and conditions underscore the urgent need for the continued funding of this 
project so as to systematically address agricultural vulnerability, risks, and adaptation strategies 
that can be employed by farmers, recommended by agribusiness, and supported through policy 
for corn-based cropping systems. 
 
In Years 1&2 the CSCAP team has comprised over 140 scientists, technical specialists and staff, 
extension educators, graduate students and postdoctoral researchers; this team has made 
considerable progress toward addressing the societal challenge to mitigate and adapt the 
dominant Midwest corn–based cropping system to climate change. We have in place Y 3 plans to 
continue efforts that are integral, substantial, and critical steps towards reaching our goal. 
Standardized protocols and a network of 35 carefully-selected sites are already in place and 
scientists are measuring greenhouse gases, carbon, nitrogen, water, pest pressure, and agronomic 
productivity. In Y3, the team will begin to analyze the suite of crop management practices 
undertaken by our field trials: no-tillage, cover crops integrated into corn-soybean systems, 
extended crop rotations, drainage water management, nitrogen sensing, and landscape position. 
Data from these sites in Y3 will continue to be archived in a central database and used in 
conjunction with baseline data from Y1 and Y2.  Further, project scientists in Y3 continue to 
develop, adjust, and/or employ physical, climate, life cycle, sociological and economic models to 
establish strengths and weaknesses of these cropping practices and to better understand farmer 
willingness and capacities to adopt these varying management practices. Social and economic 
data gathered in Y2 will be analyzed in Y3, combined with agriculture census data and climate 
data for peer review publications, the development of public policy recommendations and as 
products to engage producers and stakeholders in managing for climate uncertainty and 
environmental sustainability. Leveraged dollars and personnel resources totaling nearly $1.3 
million enable the project to measure pest pressure and incorporate that unique dataset into our 
central database, test water balance hypotheses at two organic sites with extended rotations, and 
survey a larger proportion of farmers in the region regarding climate beliefs and farm 
management practices (see Broad Impacts on the previous page for sources and sum of leveraged 
dollars). Transdisciplinary goals are expected to continue to be realized in Y3 with project 
graduate students (the next generation of scientists) leading the way in asking difficult questions, 
enthusiastically applying their disciplinary knowledge and seeking out others within and outside 
their disciplines as well as practitioners and farmers to refine the questions that exist at the 
intersection of agriculture and climate and how they can be addressed and ultimately answered. 
 
 
 
 
